In most of the work on the properties of protein solutions it has been assumed that only the hydrogen and hydroxyl ions react with proteins to form complex ions and that salts are chemically inert. Loeb's experiments ~ on the effect of salts on the Donnan equilibrium show that in dilute protein and salt solutions any reaction between the salt ions and the protein is negligible compared with the reaction between protein and hydrogen and hydroxyl ions. There are indications, however, that other ions may combine with the protein since it has been found by lViellanby, Hardy, Pauli, Robertson, and others * that proteins affect the conductivity of salt solutions, and hence that there is presumably a compound formed between the salt and the protein. The marked effect of salts on the precipitation and solubility of proteins (Michaelis) also indicates that some reaction occurs with salts as well as with acids and bases. Kunitz 8 noted slight discrepancies in concentrated salt solutions. If this is actually the case, it would have a marked influence on the distribution of the ions of the salt when added to a system containing diffusible and nondiffusible ions separated by a membrane. It has been shown by Gibbs, and independently and in detail by Donnan, that at equilibrium the product of the activity of any pair of oppositely charged diffusible ions on one side of the membrane must be equal to the prod-1 Loeb, 7., Proteins and the theory of colloidal behavior, New York and London, 1922. 
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in which A ~ is the activity of an n-valent negative ion inside the membrane, A o the activity of the same ion outside the membrane, and B is any positive ion. In dilute solution, the concentrations may be used instead of activities. It was shown by Procter and Wilson 4 that this equation held for the distribution of ions inside and outside of gelatin blocks in equilibrium with a solution of acid. Loeb 1 found that the hydrogen electrode potential between the inside and the outside solution was equal to the calomel electrode potential under the same conditions, and that therefore the ratio of the activities of the hydrogen ion must be equal to the reciprocal of the chlorine ion ratio, as is demanded by the theory. If the ions of a salt do not combine with the protein, the ratio of the total concentration of any cation as determined by analysis should be approximately the same as the ratio of the hydrogen ion activities corrected, of course, for the valence effect; whereas the ratio of the anion concentrations should be equal to the reciprocal of the hydrogen ion ratio. Loeb has shown that this is true for the chloride ion. For other ions, however, this relation has not been investigated in detail. In order to test this point a number of experiments were performed in which various salts were added to suspensions of gelatin particles and the suspension allowed to come to equilibrium at 0 °. The solutions were then analyzed and the concentration ratios compared with the hydrogen ion activity ratios as determined with the hydrogen electrode. The results of some of these experiments are shown in Table I . It is evident that although, on the acid side at least, the concentration of the negative ions is approximately that expected, the ratios of the positive ion concentrations are very far from correct and may even be in the wrong direction. This effect is more marked with Ca and Zn than with K. If the concentrations are corrected to activities by means of Lewis If these discrepancies are due to the combination of one of the ions of the salt with the protein then if the relative activities of the ions are determined by means of E.~r.~'. measurements, the correct values for the ratios should be obtained. Owing to the difficulty of obtaining satisfactory electrodes with alkaline earth or alkali metal electrodes, this experiment was performed with ZnCI~.
Experimental.--40 gin. of dry powdered isoelectric gelatin were suspended in 500 cc. of solution containing the noted amounts of HC1 and ZnC12, and stirred at 0 ° for 2 hours. Control experiments showed that this was sufficient time for equilibrium. The solution was then filtered and the filtrate analyzed for Zn and C1. The volume of solution was noted and the concentrations of Zn and C1 in the gelatin were obtained by difference. The swollen gelatin was melted and the Zn, chloride, and hydrogen ion electrode potentials determined in the filtrate and melted gelatin at 25 °, using a saturated KC1 calomel electrode as a reference with a saturated KC1 bridge and the usual potentiometric method. The Zn electrodes were prepared by amalgamating zinc rods. They gave satisfactory and reproducible results in aqueous solutions provided the solution was more acid than about pH 3.0. In the presence of gelatin the readings were constant without the addition of acid, but in acid solution the readings were low and increased slowly with time. This accounts for the discrepancy in the Zn potential in the acid solution. The chloride electrodes were prepared as described by MacInnes and Parker. ~ The electrode in the gelatin solution was negative to the electrode in the filtrate, in each case.
The activity of the ions in the solution, assuming no combination with the gelatin, was obtained from the total concentration by means of the the activity coefficient of the individual ions. It was assumed that the gelatin had no effect on the ionic strength but that the complex gelatin-hydrogen ion affected it in the same way as uncombined hydrogen ion. That is, the total HC1 concentration was used to calculate the ionic strength and not simply the C1 concentration. It might be expected a priori that the protein would greatly affect the ionic strength of the solution, especially if, as seems probable, it is a polyvalent ion. It has been found, however, that the data are much more consistent if the assumptions mentioned above were used, i.e. that the pure protein has no effect and that the added HC1 or other electrolyte affects the ionic strength in the same way as it would in the absence of gelatin. This amounts to assuming that the complex protein-hydrogen ion is monovalent.
The results of the experiment are given in Table II . The various electrode potentials agree within 1 inv., except in the most acid solution. In this case, as was stated above, the Zn electrode potential in the presence of gelatin is not constant. The ratios of the total concentrations of chloride ion are also quite close to the ion activity ratios, but the ratios of the total hydrogen ion and the total Zn ion concentrations are much too small; i.e., the activities of the zinc and hydrogen ions in the gelatin are much smaller than would be expected from their total concentrations. The experiment shows directly, therefore, that the gelatin decreases the activity of the hydrogen and Zn ions but has little effect on that of the chloride ion. In the strongly acid solution there is no effect on the zinc ion when the correction for the ionic strength of the solution is made. These two facts render it very unlikely that the effect of the gelatin is upon the activity coefficient of the ions, since it would be expected that this would be apparent in all cases, but show that it is rather upon the concentration of the ions. That is, the hydrogen ion and the zinc ion combine with the gelatin to form complex ions which do not influence the electrodes. This has been well established in the case of hydrogen ions, and the present experiment shows that zinc behaves in an analogous way but to a smalleY extent. The dissociation of the complex gelatin-Zn ion is evidently much greater than that of the gelatin-hydrogen ion.
The agreement between the various electrode potentials shows that the system obeys the Donnan equilibrium quite closely, and that the discrepancies obtained when total concentrations are compared are due to the formation of compounds between the gelatin and the ions.
This furnishes a method for the determination of the formation of such complexes without the use of E.~r.F. measurements. The combination of any ion with a protein can be easily determined even though it is not possible to have an electrode for that ion. It is only necessary to determine the distribution in a system such as the above and also the activity ratio for some ion, such as hydrogen or chloride, which can be conveniently measured by E.~.~. /neasurements. Since the activity ratios of the other ions must be related to that of the chloride or hydrogen as expressed by Donnan's equation, the activity of the ion in the protein solution can be calculated from that of the outside solution. Lewis and Randall's tables of activity coefficients at various ionic strengths furnish the data for determining this when the total concentration and ionic strength are known. The activity of the ion in the protein solution divided by its activity coe~cient for a solution of the proper ionic strength gives the total concentration of the ion, ~ and this value subtracted from the total concentration as determined by analysis gives the amount combined with the protein.
The results of several experiments carried out in this way with ZnCI~ are shown in Table III . They show that in 15 per cent gelatin at pH 4.7, over 50 per cent of 0.01 • Zn is combined with the gelatin and about 10 per cent of the chloride. It will be noted that in the first experiment the amount of Zn actually removed by the gelatin from the solution is just equivalent (1/2) to the chloride removed, since the outside solution must remain electrically neutral. If the particles were filtered, dried, and analyzed, it would be found, therefore, that they contained equivalent amouffts of Zn and C1 and hence it might be concluded that the protein combined with both ions of the salt. This is, however, incorrect. Practically none of the chloride is combined and the remainder is simply held by electrostatic attraction. This illustrates the practical impossibility of obtaining reliable results as to compound formation by the analysis of protein precipitates. As the solution is made progressively more acid, less and less Zn is combined until at pH 2.0 there is practically none combined. The amount of chloride combined on the other hand increases about in proportion to the concentration, so that the per cent combined remains constant. The result bears out the idea, expressed before, that the Zn combines with the same group as does the hydrogen. 7 This calculation necessarily involves a relation between the electrode potential of an ion and its concentration in the presence of other electrolytes. This is at present a very uncertain step, but it is possible to make the calculation by means of Lewis' ionic strength data. This method has been used throughout the present paper, although it is realized that such calculations are difficult for simple physical interpretation. The physical significance of the value obtained by dividing the activity of the Zn ion by its activity coefficient (as given by Lewis for a solution of that particular ionic strength) may be best expressed as the concentration of ZnC1 which would give the observed electrode potential in a solution of the same ionic strength. Since the amount of zinc found by analysis is in excess of this it seems logical to suppose that the excess of zinc is combined with the protein.
Determination of the Combination of Gelatin with Zn Chloride by Direct E.M.~. Measurements.
In order to confirm the results obtained by this method a series of experiments was made to determine the effect of gelatin on the potential of a zinc or chloride electrode in zinc chloride solution. 8 The or Ag electrode against the saturated KC1 calomel electrode are constant and independent of the salt concentration. The saturated calomel electrode used gave a calculated E.M.F. of E = -0.243 against the normal hydrogen electrode, so that the value obtained for the standard Zn, Zn ++ is 0.759 volt, and for the standard Ag, AgC1, CY is -0.226, which are within 1 my. of the values given by Lewis and Randall. 9 This shows that the electrode measurements are reliable, and also that the data for the activity coefficients given by Lewis and Randall apply to ZnC12 solutions with considerable accuracy. The experiments were then repeated with the addition of increasing concentrations of isoelectric gelatin. The results are given in Table V . The amount of Zn combined increases steadily and in the presence of 15 per cent gelatin amounts to 64 per cent. This agrees quite well with the results obtained from the distribution experiment (Table  III) . The amount of chloride combined is below the accuracy of the experiment until high concentrations of gelatin are reached, and then amounts to about 6 per cent. The experiment was repeated using 10 per cent gelatin and different concentrations of ZnClv The results are shown in Table VI . As would be expected and as is the case with acids, the amount combined increases with increasing Zn concentration but the per cent combined decreases.
The preceding experiments show that ZnC12 combines with gelatin in the same way as hydrogen chloride, but to a less extent. There o Lewis and Randall, 5 pp. 407,420.
seems no reason to suppose that this is other than ordinary complex ion formation; but, as in the case of hydrogen, experimental proof of the stoichiometric nature of the reaction is difficult to obtain. It can be shown, however, that the reaction is rapidly and completely reversible, which is the result expected if the compound is an ordinary chemical one and is the opposite of the result obtained in cases such as that of charcoal where there is surface adsorption. Table VII showsthat the activity of Zn++and of H + are the same in the presence of the same concentration of gelatin whether the Zn and gelatin were mixed in concentrated solution and then diluted or whether they were diluted first.
Effect of the Combination with the Salt on the Properties of the Prorein Solution.
If the gelatin combines more with one ion of the salt than with the other, as is indicated by the preceding experiments, and if the resulting compound is itself an ion, then the addition of ZnCI2 to isoelectric gelatin must give rise to ionized gelatin and hence to a Donnan equilibrium just as does the addition of acid, except to a much smaller extent. The osmotic pressure, swelling, and viscosity of gelatin should all be affected. That this is actually the case may be seen from Tables VIII, IX, and X. The effect is small, and in dilute gelatin solution would be negligible compared to the effect of acid. The fact that the Zn is more concentrated inside the membrane than outside shows, however, that the result is not due to the H +, since if the Zn were merely inert the concentration of Zn outside would necessarily be greater than inside in order to agree with the H + and C1-ratios.
The osmotic pressure experiment is the most direct, since both the swelling and viscosity are influenced by other factors than the ion concentration. The swelling depends also on the "cohesion" of the gelatin particles; if the force which tends to hold the particles to the original size should decrease this swelling will evidently increase although the osmotic pressure may be no greater. This presumably accounts for the fact that the swelling maximum does not agree with the maximum of osmotic pressure.
The viscosity is a function of time and the selection of the proper value is difficult. The figures given were obtained after 24 hours at 34 ° and were constant for about 10 hours. Before this time, the control and most concentrated solutions decreased in viscosity while the intermediate concentrations increased.
It will be noted in Table VIII that the pH of the solutions becomes lower as Zn is added, although both solutions were originally pH 4.7. Diluting either the gelatin or ZnC1, with water does not cause a change in pH. The effect is therefore due to a reaction between the ZnC12 and gelatin. If, as was suggested, the Zn replaces the H from combination this increase in acidity is due to the liberated H+ just as adding acid was found to increase the Zn ++ concentration. SUMMARY. in a proper system. If the activity ratio of the hydrogen ion and the activity of the other ion in the aqueous solution are known, then the activity and hence the concentration of the ion in the protein solution can be calculated. The difference between this and the total molar concentration of the ion in the protein represents the amount combined with the protein.
5. It has been shown that in the case of Zn the values obtained in this way agree quite closely with those determined by direct E.~t.F. measurements.
6. The combination with Zn is rapidly and completely reversible and hence is probably not a surface effect.
7. Since the protein combines more with Zn than with C1, the addition of ZnC12 to isoelectric gelatin should give rise to an unequal ion distribution and hence to an increase in swelling, osmotic pressure, and viscosity. This has been found to be the case.
